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(54) Position msasunng appsrstus 

(57) The relatfve position of two ele- 
ments is measured by reading a 
coded strip 1 1 fixed to one of the 
elements. The strip 1 1 carries code 
elements in a pseudo-random bi- 
nary sequence (PR33) which can be 
read by a photo-detector array 1 5. 
Magnetic and capacitative arrange- ' 
rrients are also envisaged. The array 
1 5 and suitable optics if necessary 
, enable enough successive code ele- 



ments of the PR35 to be read simul- 
taneously to identify the position 
along the PRB3. The array 15 has 
several detecting elements for each 
code element or bit of the PRBS, so 
that the fine position of transitions 
or markings of the PRBS can be 
measured within one PRBS bit 
length. A comparator 1 7 compares 
the output of the array 1 5 with a 
portion of the PR3S from a PRBS 
generator 21. The generated PRBS 
is serially shifted throijgh a register 
1 8 and a counter 22 stores the 
number of shifts needed until a 
match is found. Applications are 
described in micrometers, pressure 
sensors, shaft encoders and others. 
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SPECIFICATION 

Position measuring apparstus 

5 The present invention is concerned with posi- 
tion measuring apparatus for providing a mea- 
sure of the relative position of two members 
movable relative to one another in a predeter- 
mined path. Embodiments of the invention 

10 may be applicable to a wide range of instru- 
ments in vi^hich such relative position mea- 
surements must be made. 

Digital transducers are known which enable 
displacement along a digitised track to be 

15 measured. Commonly, the track comprises of 
a regular series of digitiser elements, or bits, 
and the displacement along the track is mea- 
sured by counting the number of bits. For 
such arrangements to measure the position 

20 along the track, a record must be kept of the 
count from a predetermined datum. This re- 
cord can be lost in the event of power failure. 
Furthermore, some modification of the basic 
arrangement is required to accommodate two- 

25 directional movement along the track so that 
the counter can be incremented or decre- 
mented appropriately. 

Alternative digital transducer arrangements 
employ absolute digital encoding of succes- 

30 sive positions along the length of a track. 
Such a system has limitations in terms of the 
length of the track which can be covered 
given the size of digital word representative of 
each position along the track. Furthermore, 

35 only the predetermined coded positions can 
be recorded so that the accuracy of positional 
measurement is limited. 

The possibility of measuring the present 
position of a moving member relative to a 

40 track is discussed by 3.E. Jones and K. Zia in 
the paper entitled "Digital Displacement 
Transducer Using Pseudo-Random Binary Se- 
quences and a Micro Processor" In IMEKO/ 
IFAC, Symposium Proceedings, London, No- 

45 vember 1980, pages 368 to 379. The system 
discussed by Jones and Zia enables relatively 
long digitiser tracks to be employed but 
necessarily involves movement of the moving 
member relative to the track in order for the 

50 position along the track to be identified. Fur- 
thermore, the system is capable of measuring 
the relative positions only to the accuracy of 
the digitiser bit spacing along the track. A 
pseudo-random binary sequence (PRBS) is a 

55 sequence of binary data such that any group 
of a predetermined number n of consecutive 
elements in the sequence of N elements 
where N is much larger than n gives a unique 
pattern and hence defines the position of the 

60 group within the sequence. 

U.K. Patent Specification No. 151 1044 dis- 
closes a PRBS on a long perforated strip with 
means for reading the markings during relar 
tive movement of two members. 

S5 In U.K. No. 12S4641, there is disclosed 



position measuring apparatus using markings 
in a PRBS on one member with means on a 
relatively movable member to scan mechani- 
cally the sequence of markings and hence to 
70 determine the relative position of the two 
members. Interpolation between successive 
coded increments is performed using a second 
ruled scale and a reference grating. 

It is an object of the present invention to 
75 provide an improved position measuring appa- 
ratus which can determine the relative posi- 
tion of two members, which miay be stationary 
during operation by scanning a PRBS but 
which can interpolate between the elements- 
80 of the PRBS. 

According to the present invention, position 
measuring apparatus for providing a measure 
of the relative position of two members mov- 
able relative to one another in a predeter- 
85 mined path comprises code elements on one 
of said members distributed among locations 
spaced parallel to said path of relative move- 
ment to define a predetermined sequential 
pattern of said locations in a pseudo-random 
90 binary sequence (PRBS) in which indexed 
positions corresponding to successive said 
spaced locations along the sequence are each 
identified by a unique binary word in a predet- 
ermined number of adjacent said locations, 
95 and detecting means, having sensing ele- 
ments located on the other of said members, 
responsive to the code elements in at least 
said predetermined number of adjacent loca- 
tions to read the unique binary word defined 
100 thereby to identify the corresponding indexed 
position along the sequence, said detecting 
means having a plurality of sensing elements 
for each of a plurality of locations to deter- 
mine the fine position between adjacent in- 
105 dexed positions of at least one of said code 
elements relative to the detecting means by 
sensing transitions or edges of markings to 
define a code element or elements. 

This apparatus typically employes a sequen- 
1 1 0 tially coded digitiser track having the charac- 
teristics known for pseudo-random binary se- 
quences, i.e. the position along the sequence 
can be identified by the unique word defined 
by a determined number of adjacent bits. 
1 15 However, any sequence having this feature 
can be used in the present invention including 
sequences in addition to those classically re- 
cognised as pseudo-random binary sequences. 
The detecting means may sense merely the 
1 20 predetermined number of elements to identify 
a unique location. Preferably hov^ever the 
sensing means senses more than the neces- 
sary number of bits; by doing so, protection . 
can be obtained, by the redundant informa- 
1 25 tion, from errors from, for example dust or dirt 
on the code elements etc. 

In the above- apparatus, the detecting 
means with the pickup is arranged to enable a 
sufficient number of adjacent bits along the 
1 30 sequence to be read so as always to provide 
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the unique binary word defining the position 
along the sequence. Thus, movement of the 
one member relative to the other is not re- 
quired to enable the position to be identified. 
5 Furthermore, the detecting means, by hav- 
ing a plurality of sensing elements for each 
coded element and being responsive to edges 
or transitions, can additionally read the fine 
position of an index mark so that the relative 

1 0 positions of the two members can be mea- 
sured to a greater accuracy than the bit spac- 
ing of the binary sequence. 

The apparatus operates in effect to measure 
3 local datum point, referred to previously as 

1 5 an indexed position and defined by the unique 
binary word along the sequence, and also to 
perform a fine measurement to record the 
position relative to the local datum point. In 
this way, the absolute relative position of the 

20 two members can be measured with consider- 
able accuracy whilst still employing one set of 
coded elements or marks on one m.ember and 
one array of sensing elements on the other 
member. 

25 Said index marks may be constituted by 
transitions between at least some adjacent 
said locations. For example, said index marks 
may be constituted by transitions between a 
said location with a code element and an 

30 adjacent location without a code element. For 
example, in an embodiment using optica! 
techniques, a transition between a "1" and 
"0" on the sequentially coded track can read- 
ily be identified. A conventional binary code, 

35 for example one having a mark for a "1" and 
a space for a "0" has no edges or transitions 
in a sequence of 1's or a sequence of O's. To 
increase the number of edges or transitions, 
other codes may be employed, e.g. a Man- 

40 Chester code in which a "0" is signified by a 
space followed by a mark and a "1" is 
signified by a mark followed by a space. Every 
digit requires both a space and a mark and 
thus every digit has a transition. 

45 Said detecting means may be arranged to 
read the fine position of the coded elements, 
and hence of the sequence relative to the 
pickup between index positions, before read- 
ing the binary v^ford to identify the index 

50 position. This arrangement may simplify the 
process of reading the binary word since the 
fine position reading enables the location of 
the bits defining the binary word on the coded 
track to be predetermined to simplify the 

55 reading operation. 

Preferably, said detecting means comprises 
a linear array of sensing elements with a 
length sufficient to read a length of code 
element sequence defining the binary word 

50 but with 3 spatial definition high enough to 
identify the fine position. 

Thus, said detecting means may comprise 
sn array of detectors arranged parallel to said 
path of relative movement and each respon- * 

65 sive to the presence or absence of markings 



defining a code element in a respective said 
spaced location, the array being of sufficient 
length to sense the number of code elements 
required to define a unique position in the 

70 PRBS and there being a plurality of detectors 
in the length of code element so that, in at 
least one code element, the position of an 
edge or transition of markings within the code 
^ element can be sensed whereby the detectors 

7 5 in the array provide outputs defining not only 
the unique binary word but also the fine 
position of at least one said transition relative 
to the array. 

To accomplish the above, and using a 

SO PRBS in which N successive elements are 
scanned, N being equal to or greater than the 
number of elements required to define a uni- 
que position, and in which n detectors are 
provided for each coded element, said detect- 

85 ing means may include a shift register having 
nN bit elements, the serial input of the shift 
register being supplied at a predetermined bit 
rate with a binary signal corresponding to said 
PRBS and the shift register being clocked at a 

90 rate n times faster than said predetermined bit 
rate of said binary signal, and means for 
comparing the contents of said shift register 
with the parallel output of the detector array 
and responsive to the closest match to indi- 

95 cste the measured position. The means for 
comparing the contents of said shift register 
may be a correlator providing an output signal 
indicative of the level of correlation between 
the shift register contents and the array out- 
1 00 put. 

The apparatus may include a clock generat- 
ing clock pulses for the shift register of the 
detecting means at said faster rate, a divider 
^ to divide said faster rate clock pulses by a a 

105 sequence generating means responsive to said 
divided clock rate pulses to generate said 
binary signal at a bit rate equal to the divided 
rate, a counter counting said faster rate clock 
pulses and responsive to a closest match 

110 indication from said means for comparing to 
stop counting at a count indicativ^e of the 
measured position. 
The detecting means may include storage 
^ mean© to store a representation of said binary 

115 sequence and means for reading said binary 
sequence from the storage means for compari- 
son with said unique binary word from the 
pickup to find the index position identified 
thereby. Alternatively, the detecting means 

1 20 may include a sequence generator comprising 
a shift register having said predetermined 
number of bit elements and connected with 
logic feedback so as, vvhen clocked, to pro- 
duce at its serial output said predetermined 

125 pseudo-random binary sequence for compari- 
son with said unique binary word from the 
pickup to find the index position identified 
thereby. In yet another arrangement, the de- 
tecting mesns comprise computing means ar- 

1 30 ranged to perform equivalent functions. 
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The detectors for sensing the code elements 
may be optical detectors, e.g. photo-sensitive 
elements such as photo-diodes, co-operating 
with markings forming a PRBS and constitut- 
5 ing code elements. The code elements may be 
opaque elements in a transparent strip or vice 
versa and, in this case, the detecting means 
may comprise a light source located on one 
side of the strip and photo detectors on the 

1 0 other side. 

Instead, the detecting means may be capa- 
citively arranged to detect variations in electri- 
cal capacitance resulting from said presence 
or absence of code elements, in the optical 

15 arrangement, optical enlarging means may be 
provided to focus an enlarged image of the 
code elements onto the photo detectors. Alter- 
natively, 3 reduced image of the code ele- 
ments may be focused onto the photo detec- 
20 tors. 

The code elements may com.prise regions of 
varying magnetic permeability and, in this 
case, the detecting means may comprise a 
magnet and magnetic field detectors. 

25 In another arrangement using optically de- 
tectable code elements, the detecting means 
may comprise a television camera tube, 
means focusing an image of the code ele- 
ments onto the tube and means responsive to 

30 a video output signal from the tube to read 
the unique binary word and detect its fine 
position. 

In a specific further example, the code 
elements are magnetically detectable and the 
35 detecting means comprises a magnetic pole 
face extending parallel to said path to gener- 
ate a magnetic field in the region of said 
predetermined number of adjacent spaced lo- 
cations, a surface acoustic wave device ar- 
40 ranged to launch surface acoustic wave pulses 
on said pole face in the direction of said path 
to cause localised perturbations of the mag- 
netic field, said perturbations travelling along 
said path with the acoustic wave pulses, and 
45 magnetic field detecting means screened from 
said pole face by the code elements and 
responsive to said perturbations travelling past 
the code elements to provide a serial output 
signal representing the unique binary word. 
50 It will be appreciated that if the binary 
sequence employed in the apparatus is rela- 
tively long, an excessive time may be taken 
by the apparatus in comiparing the unique 
binary word read by the detecting means with 
55 the complete length of the binary sequence. 
Accordingly, for measuring successive relative 
positions of the members, the apparatus may 
mclude store means for storing the last identi- 
fied indexed position and means responsive to 
60 the stored position to compare the latest uni- 
que binary word from the detector elements 
with binary words identifying indexed posi- 
tions in a range including the stored position 
to find the new position. In this way, the 
65 apparatus will look for a match with the nevv' 



binary word in the immediate vicinity of the 
last known indexed position. 

Examples of the present invention will now 
be described Vv^ith reference to the accom- 
70 panying drawings in which:- 

Figure 7 is a schematic diagram illustrating 
an embodiment of the present invention em- 
ploying an optically readable code element 
sequence; 

75 Figure 2 is a diagram for explaining a 
coding system; 

Figure 3 is a perspective view, partially 
broken away, of a micrometer which may 
embody the position-measuring apparatus de- 
80 scribed with reference to Fig. 1 ; 

Figure 4 is a cross-sectional view of a 
differential pressure transducer employing a 
position-measuring apparatus embodying^the 
present invention; 
85 Figure 5 illustrates apparatus using an opti- 
cal magnifier; 

Figure 6 illustrates the application of em- 
bodiments of the present invention to shaft 
encoders or rotary digitisers; 
90 Figure 7 shows a modification of the device 
of Fig. 6; 

Figures 8 and 9 illustrate respectively the ' 
application of embodiments of the invention 
to liquid level measurement apparatus and to 
95 a plotting table; 

Figure 10 shoves an alternative sensing sys- 
tem; 

Figure 1 7 is a schematic perspective view 
of a reading head or pickup for use in an 
100 embodiment of the present invention employ- 
ing^magnetically detectable code elements; 

Figure 72 is a viev;^ of an optical reading or 
pickup arrangement employing optical fibres 
and light dispersion; and 
105 Figure 7 3 shows a modification of the con- 
struction of Fig. 1 . 

The theory of generation of pseudo-random 
binary sequences (PRBS) is vv^ell established, 
i he generation of such PRBS is a well estab- 
1 10 lished technology employing shift reoisters 
with specific arrangements of logic feedback. 
Normally the maximum non-repeating length 
of the PRBS generated by a shift register 
^ generator is limited by the number of "bit 
1 1 5 elements" or bistables used in the shift regis- 
ter. For example, the maximum length of 
sequence generated by n bistables is 
N = 2'^-1 , It will be appreciated that the con- 
tents of the shift registers of such a sequence 
1 20 generator correspond to the successive unique 
binary words representing the successive in- 
dexed positions along the sequence envisaged 
m embodiments of the present invention 
Referring to Fig. 1, a PRBS is illustrated at 
12^10 provided on a track 1 1 . Only a short 

length of the track and PRBS is illustrated for 
simplicity. In this example, the code element^ 
forming the PRBS 10 comprise opaque bars 
pnnted onto a transparent medium constitut- 
i 30 ing the track 1 1 . Where adjacent locations 
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a!or>g the track 1 1 contain code elements, a 
thicker bar is shov^n. 

The pickup ennpjoyed in the Fig. 1 arrange- 
ment comprises a light source 12 on one side 
5 of the track 1 1 and a photo detector array 1 3 
on the opposite side of the track. It wiW be 
appreciated that when used for measuring the 
relative positions of two members, the track 
11 is fixed to one of the members and the 
10 pickup comprising light source 12 and detec- 
tor array 1 3 is fixed to the other of the 
members such that relative movement of the 
members moves the track 1 1 relative to the 
pickup in the direction indicated by arrow 14 
1 5 As will be apparent from the following de- 
scription, no relative movement is required for 
the purpose of determining the position of one 
member relative to the other. 

i he photo detector array 1 3 may comprise 
20 a dual in-lme package as illustrated, having a 
linear array of photo detectors at 1 5, The size 
of the code elements along the track 1 1 is 
shown out of scale relative to the detector 
array, in practice, the arrangement would be 
25 such that a shadow or image of sufficient 
adjacent code element locations along the 
track 1 1 is focused onto the photo detectors 
1 5 to enable the unique binary word identify- 
ing the position along the PRBS to be read. It 
30 may be preferable however to make the array 
of detectors of a length to incJude one or two 
(or possibly more) code elements above the 
minimum number necessary to define the 
position. The extra information provides pro- 
35 tection against errors, for example due to dust 
or dirt on the code elements or detectors. 

In a possible example, the code element 
locations along the track 1 1 may be at in-^^r- 
vals of, say, 0,5 mm. Thus, if five adjacent 
40 locations, or binary digits, is sufficient to 

derine the binary word identifying the position 
along the code (true for a code length of 31 
positions), the five digits would occupy 2 5 
mm. A possible array 15 has 256 detectors at 
4b lU^m spacing giving a useful length of 2.56 
mm. (Arrays are available commercially with 
detector spacings of 7/im or 13/im, but a 
spacing of 10/xm is chosen in this example to 
simplify the arithmetic). 
50 In order to read the output of the photo 
detector array device 1 3, this output is load-d 
into a shift register 1 6. The contents of the 
shift register 1 6 is then compared by a digital 
comparator 1 7 with the contents of a further 
oo shift register 1 S. The shift register IS ?s 

clocked by pulses at a rste F from a clock 19 
The sens! input 20 of the shift register 18 is * 
loaded v.mh the predetermined Dseudo-ran- 
^ dom binary sequence corresponding to that 
oO printed on the track 1 1 ss generated by a 
PRBS generator 21 . The PRBS generator 21 
mcludes the usual shift register with logic 
oStt arranged to reproduce the desired 
PRBS in senal form. In the present examo}- a 
60 Tive element shift register is sufficient for\h- 



generator 21. The shift register generator 21 
IS docked by clock pulses at a rate F/50 from 

Dono'^x^'.^^* ^^""^ the serial 

hRBS fed to the input of the shift register 18 
70 IS one-fiftieth of the clock rate applied to the 
shift register 18. It can be seen that this 
fraction corresponds to the relative spacing of 
the detectors in the photo detector array 1 5 
and the code element locations in the PRBS 
7o 10 on the track 1 1. 

With this arrangement, the shift register 18 
continually shifts a representation of part of 
the PRBS in steps equivalent to the lO.tim 
spacing of the photo detectors. 
80 A counter 23 counts the clock pulses from 
clock 1 9 fed to the shift register i 8 and is 
stopped by a signal from the comparator i 7 
indicating a match between the contents of 
the shift register 1 8 and of the shift register 
do !S. It can be seen, therefore, that the con- 
tents or the counter 23 when stopped follow- 
ing a match is indicative of the measured 
position along the track 11. Furthermore the 
stop signal from the comparator 1 7 can be 
90 generated theoretically to an accuracy corre- 
sponding to the spacing of the detectors in 
the array 1 5, i.e. lOum, so that the contents 
of tne counter at this time is a measure of the 
relative positions of the detector and track 1 1 
95 to a corresponding accuracy. Thus, the illus- 
trated arrangement operates to identify not 
only the binary word identifying the indexed 
position along the track 1 1 corresponding to 
1 ^''^^^^^S'V® cocle element locations of the track 
lUU but also the "fine position" of the track to an 
accuracy dependent on the detector spacinq 
m the array 15. ^ » 

In practice, the comparator 1 7 may be 
embodied as a digital correlator which vviil 
lOo provide an output signal in response to the 
best match between the contents of the shift 
registers 16 and 18. It will be appreciated 
that the accuracy of the correlator output is 
, ^ r>ot excessively dependent on the accuracy of 
1 i 0 deiinition of the boundaries between code 

element locations along the PRBS on the track 
1 1 . Provided the track is accurately printed 
overall, ragged edges to the code elements or 
1 1 - ^u^^.J"!^^ irregularity in their spacing 
1 1 o should little effect the accuracy of the mea- 
surement. I he height of the correlation peak 
produced by the comparator 1 7 may be 
somewhat reduced but its location should still 
1 on ^^^^^^^®*y define the measured positions. The 
1 20 correlation output can be enhanced by arrang- 
ing to read a longer section of the PRBS than 
strictlyjiecessary to identify the unique binary 
word. I his increases the number of scale 
, rnarks (constituted by transitions between 
I 2& code elements and locations without code 
elements) over which the correlation is per- 
formed, so that distortions in some of the 
transitions, caused by pad printing, by dust or 
. ^ optical distortion for example, tend to can-el 
I oU out. 
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The fine position is determined, in the 
above example, by sensing the edges of mark- 
ings, i.e. transitions between opaque and 
clear regions in the particular embodiment 
5 described. It wifl be appreciated that a contin- 
uous series of "1"s or a continuous series of 
"0"s would have no such transitions. Such a 
continuous series of unchanging digits does 
not provide a unique code but a few such 
10 unchanging digits in the PRBS reduces the 
number of transitions. However by the choice 
of a suitable coding pattern, it can be en- 
sured, for example, that there is at least one 
transition in each digit. One such code is a 
1 5 Manchester code illustrated in Fig. 2. In this 
figure the upper line shows 10 code elements 
of a sequence in conventional form whilst the 
lower line shows these same elements in a 
Manchester code. In this example, a "0" Is 
20 represented in the lower line by a clear region 
on the left of the code element and an opaque 
region on the right. A "1" is indicated by an 
opaque region on the left and a clear region 
on the right, there is thus a transition in each 
25 code element. Each single code element must 
have such a transition and thus there is no 
unresoivable ambiguity as to the position of 
start of each code element in the sequence, 
the general principles of the example of the 
30 invention described above can be applied to a 
number of instruments where it is required to 
measure the position of one member relative 
to another. Referring to Fig. 3, there is shown 
a digital micrometer in which a PRBS track 
35 30 is fixed to the spindle 31 and arranged to 
be read by a lamp and detector array as- 
sembly 32 fixed relative to the body of the 
instrument. The instrument may be arranged 
to include necessary electronics for performing 
40 the functions described vv^ith reference to Fig. 
1 together with a battery to power these 
electronics. The measured reading of the mi- 
crometer may be displayed on a digital display 

45 In use, the micrometer is first closed by 
bringing the end of the spindle into contact 
with the anvil 34. Pressing a zero button 35 
causes the transfer of the closed scale reading 
to memory. This stored figure is then sub- 

50 tracted automatically by the processing elec- 
tronics of the instrument from all subsequent 
readings before display of the result. The 
same facility could be used to compare indivi- 
dual piece-parts with a standard by closing 

55 the jaws on the standard part, and pressino 
the zero button 3o so that thereafter the 
instrument reads positive and negative devia- 
tions from the standard. 

Although the embodiment of the invention 

60 described vv'ith reference to Fig. 1 employs 
optical techniques, any other sensing tech- 
nique could be used including magnetic, ultra- 
sonic, capacitive or inductive. The lower 
power consumption usual for capacitive detec- 

65 tion systems might make such a svstem desir- 



able for use in the micrometer illustrated in 
Fig. 3. 

Referring to Fig. 4, a pressure transducer is 
^ shown comprising a body 40 having central 
/O aperture 41 connected by bellows 42 and 43 
to opposite pressure sensing plates 44 and * 
45. The plates 44 and 45 are interconnected 
by a tie rod 46 on which is mounted a track 
46 carrying the PRBS code. A reading head 
75 47 is mounted on the body 40. In this way, 
the deflection of the tie rod 46, representative 
of the differences between pressures P, and 
P2 applied to the plates 44 and 45, can be 
measured. 

80 if a detector array as described above with 
a detector spacing of 1 Oum is used in the 
pressure transducer of Fig. 4 in order to 
obtain a resolution of 0.1%, the minimum 
range of relative movement between the track 
85 46 and the head 47 Is 10 mm. In order to 
accommodate a smaller range of movement, 
an optical system may be provided to focus a 
magnified image of the code element pattern 
on the track 46 onto the photo detector array. 
BO Thus, if, using photo lithographic techniques, 
the PRBS on the track 45 is reduced in size 
so that adjacent digit locations are at 10/im 
intervals, and an image magnified 10 times is 
^ projected onto the array also v/tth lOjLim spac- 
95 ing, the effective spatial resolution of the 
position measuring device would be 1/im and 
a 0.1% discrimination can be achieved for a 
bellows displacement range of 1 mm. 

Such a construction is illustrated diagram- 
100 matically in Fig. 5 where there is shown a 
PRBS on a track 146 and a detector array 
147 with a lens system, indicated by a single 
lens 148, arranged to project a magnified 
^ image of the PRBS on the detector array. 
1 0o It will be appreciated that this technique of 
focusing a magnified image of the PRBS onto 
the detecting array can be used in other 
instruments where increased resolution is re- 
quired. 

1 1 0 The principles of operation of examples of 
the invention discussed hitherto can also be 
applied to determining the positions of, e.g. 
the cutting tool, on a machine. However, a 
^ rather longer PRBS may be required to p'ro- 
1 1 1) vide the necessary track length. For example, 
with a code element location spacing of 0.5 ' 
mni, a track length of 1 m. would have 2,000 
digit positions. Hence an eleven bit word ' 
would be required to identify the position 
120 along the track, ihe PRBS generator would 
accordingly require an 1 1 element shift regis- 
ter to synthesize the PRBS. Such an 1 1 bit 
PRBS could be provided which would not 
^ repeat in less than 2,047 steps and it would 
1 25 be necessary to read or image a length of at 
least 5.5 mm of the track to pick up the 
unique binary word identifying the indexed 
position along the track. This can be achieved 
, with optical techniques using a photo detector 
loO array of 1,024 elements. Alternatively, sn 
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optical system may be provided to produce a 
reduced image (magnification times 0.5) onto 
a 25S element array. In the iatter case the 
resolutfon would be plus or minus 20iim. 

Alternatively a finer spacing of code ele- 70 
ments along the PRBS of the track of, say, 
lOjitm may be employed. This requires 
100,000 indexed positions along aim. track 
length. The unique binary word to define each 
position would have 1 7 bits requiring a mini- 75 
mum code length of 1 70am to be read. Such 
a code length could be projected optically 
onto a 256 element photo detector array at a 
magnification of about 1 5 times and would 
then given an effective spatial resolution for 80 
the apparatus of about 1.5/im. 

Using the processing circuitry illustrated in 
Fjg. 1 , the processing time required to iden- 
tify the measured position using the above 
described 17 bit PRBS would be relatively 
long because of the time required to run 
through the entire PRBS for'comparison with 
the output of the photo detector array. It 
would take 1 5 X 100.000 steps to shift the 
25 entire PRBS through shift register 18 of Fig. 
1 , so that, if the correlator used for compara- 
tor 1 7 is capable of of shift rates of 10 MHz, 
it would take 0.1 5 seconds to Identify the 
position. Additional processing means may be 
30 included in the electronics to reduce this pro- 95 
cessing time. For example, the apparatus may 
include a store containing the last identified 
position measurement. The PRBS generator 
can then be controlled in response to the last 
35 stored position to compare the newly-read 100 
detector array output with the part of the 
binary sequence immediately adjacent to the 
last position, {his technique is based on the 
assumption that any subsequent position read- 
ing must be within a short distance of the 105 
previous reading. 

Fig. 6 illustrates the application of embodi- 
ments of the present invention to a rotary 
digitiser in which the PRBS track is provided 
45 as an annular track 50 on a coding disc 1 10 

rotatable about a shaft 51. The annular posi- 
tion of the disc relative to the shaft is read off 
by a stationary reading had 52. In such an 
arrangement it is preferrable to use a PRBS 
code which repeats on each revolution of the 1 1 5 
disc, ihus the anular track 50 may comprise 
1,023 digit positions (indexed positions) in 
which is printed a 10 bit PRBS. To read the 
10 bit unique position identifying word, an 
arc of 3.6" of the track must be read by the 1 20 
detector array in the reading head 52. Using 
the same arrangement as originally described 
with reference to Fig. 1, a 256 detector array 
would enable the angular position to be mea- 
sured to about 1 m.inute of arc. It may be 1 25 
necessary m some circumstances to provide 
special arcuate arrays of detectors, or optical 
correction devices, to avoid distortion of the 
readmgs due to the non-straight line oeometry 
of the track 50. " 
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Without using optical magnification tech- 
niques, and with a detector array having 
1 0/im spacing between detectors, the track 
50 could be printed on a digitiser disc of 
diameter 80 mm. Smaller discs may be em- 
ployed using finer printed track 50 together 
with optical magnification. 

Simple digitisers with very high precision 
can be produced in this way with applications 
in machine dividing heads, theodolites, sex- 
tants, and robotics etc. 

As shown in Fig. 7, a coding disc 54 with 
an annular PRBS track 55 may be used in 
conjunction with two detector arrays 56, 57 
arranged ISO' apart around the track. The 
purpose of this is to permit accurate angular 
measurements to be made despite any eccen- 
tricity in the mounting of the disc on its shaft 
58 or lateral movement of the shaft in its 
bearings. Sm.all movements of the disc or 
shaft along the line joining the two detectors 
56, 57, i.e. a movement at right angles to the 
line of the detector arrays will have no effect 
on the readings. Movement however which 
has a component normal to the line joining 
the detectors 53, 57 will result in the reading 
from one detector increasing and the reading 
from the other detector decreasing by the 
same small amount. The average of the read- 
ings from the two detectors (with due allow- 
arice for the ISO* spacing around the track) 
will give the actual angular position of the 
disc despite any eccentricity. The exact angu- 
lar positions of the two detectors need not be 
known precisely since readings can be taken 
with the disc in a "zero" position and these 
can be used as the datum points for all future 
readings. 

Fig. 8 illustrates an application of an em- 
bodiment of the invention to a float and tape 
type level gauge. The level of the liquid 60, 
e.g. in a tank, is measured by monitoring the 
positions of a tape 61 provided with a PRBS 
coded track 62 relative to a fixed reading 
head 63. A lower end of the tape is attached 
to a float 64 so that the position read from 
the tape provides an indication of the liquid 
level. A take-up spool 65 may be provided to 
keep the tape 61 taut as the liquid level rises 
and falls. 

In a particular example, digit positions 
along the tape may be at 5 mm interi'als 
enabling levels up to 30 m. to be read with a 
12 bit PBRS. Thus, the reading head 53 must 
read a minimum length of 50 mm of the track 
62 on the tape. Optical techniques may be 
used as described above. However, if the tape 
is ferromagnetic, it may be more convenient 
to use an array of Hall effect magnetic field 
detectors. 

Modifications of the abovedescrlbed ar- 
rangement can provide a surveyor's measur- 
ing tape vxnth a PRBS coded track recorded on 
the tape in addition to the normal visible 
markinqs. The tape readinq head and elec- 
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tronics may be contained in the spool housing 
and 3 digital readout provided on the housing. 

Fig. 9 shows an application of embodi- 
ments of the invention to a plotting table. A 
5 cursor 70 is connected to two datum points 
71 and 72 on the plotting table 73 by lengths 
of string 74 and 75, Each of the lengths of 
string 74 and 75 may pass through an aper- 
ture through the plotting table 73 at its re- 
10 spective datum point 71, 72. The strings 74 
and 75 are kept under tension by means of a 
spring-loaded takeup spool 76. 

The lengths of each of the strings 74 and 
75 may be measured automatically by a read- 
1 5 ing head 77 located beneath the plotting table 
and responsive to PRBS coding of the string 
by means of circumferential stripes. The cod- 
ing of the string may be provided for optical 
reading by black and white markings on the 
20 string or from magnetic reading by magnet- 
ised and non-magnetised bands on the string. 

More than two such strings may be em- 
ployed in the plotting table embodiment of 
Fig. 9 to improve accuracy and to avoid 
25 ambiguity. 

With a third string from a datum point not 
in the same line as datum points 71 and 72 
the position of the curser 70 in three dimen- 
sions can be measured. Again, a fourth string 
30 may be used to avoid ambiguity- 
It will be apparent that many other applica- 
tions of embodiments of the present invention 
can be derived. 

Various alternative pickup techniques may 
35 be employed with examples of the present 
invention. In optical techniques, instead of 
employing a single light source simultane- 
ously illuminating the required length of 
PRBS, together with an array of detectors, a 
40 scanned array of light sources (such as light- 
emitting diodes) may be employed arranged 
to cooperate with a single photo detector, 
ihus, the light-emitting diodes may be ener- 
gised in sequence such that the output of the 
45 single photo detector is a serial signal repre- 
senting a scan of the relevant section of 
PRBS. Such an arrangement is illustrated in 
Fig. 10 which shows, in side elevation, the 
edge of a transparent scale or disc 1 50 with a 
50 PRBS strip in the form of opaque and tran- 
sparent markings, the strip of a section 
thereof being located between a single photo- 
diode 1 51 and an array of light emitting 
diodes 1 52, the array forming a line parallel 
55 to the PRBS strip and extending over a length 
thereof sufficient to define a unique code. The 
number of light emitting diodes 1 52 is 
greater, typically many times greater, than the 
number of code elements over the array so 
60 that the fine position can be determined as 
previously explained. 

Similar modifications can be envisaged for 
magnetic and capacitive detecting methods. 
In the above-described examples, the fine 
65 position of the code sequence relative to the 



reading head has been determined simultane- 
ously with the indexed positions represented 
by the unique binary word. Hovv'ever, addi- 
tional index marks may be provided alongside 
70 the pseudo-random binary sequence, with the 
index marks identifying successive code ele- 
ment locations of the sequence. For example, 
sprocket holes may be employed in the optical 
arrangement. The sprocket holes may be im- 
75 aged onto one array of photo detectors and 
the PRBS onto another. Alternatively, the 
same array of photo detectors may be used 
for both sprocket holes and the PRBS in timed 
sequence with the respective light sources 
SO being switched on to illuminate the sprocket 
holes and the PRBS at appropriate moments. 
The positions of the sprocket holes relative to 
the array can provide a measure of the fine 
position of the sequence enabling the posl- 
85 tions of the code element locations relative to 
the reading head to be predetermined so that 
the binary word can be read out directly 
without the need for correlation techniques. A 
simple digital comparator may then be em- 
90 ployed to compare the binary word with the 
PRBS to identify the indexed position. If this 
technique is employed in the example with a 
1 7 bit PRBS the processing time for identify- 
ing the indexed position can be reduced from 
95 1 50 ms to 10 ms. 

The advantages of the above technique may 
be obtained without the provision of separate 
sprocket holes. The photo detector array is 
used initially to identify a position along the 
1 00 length of the array of at least one transition 
between PRBS locations with and v\/ithout 
code elements. By definition, there is always 
one such transition focused on the detector 
^ array for all positions of the PRBS. In this way 
105 the fine position of the array relative to the 
sequence track Is again determined initially to 
enable only the relevant elements of the photo 
detector array to be read to identify the uni- 
que binary word representing the index posi- 
1 1 0 tion. 

!n all the examples of the invention de- 
scribed above, a length of the PRBS sequence 
is scanned in discrete steps. The sequence 
may be scanned by analogue techniques. In 

1 15 the optica! example, an image of the PRBS 
may be formed on a television camera tube 
such as a videocon and the resulting pattern 
is then read out from a line scan of the tube 
as a serial signal. 

120 Fig. 1 1 iikjstrates a magnetic equivalent to 
the above, the ferromagnetic tape' SO having 
code elements formed as apertures 81 to 
provide the PRBS is passed between the poles 
82, S3 of a permanent magnet forming part 

1 2b of the reading head. A coil of wire 84 is 

provided on the surface of one pole to extend 
along sufficient length of the PRBS to em- 
brace the required number of adjacent bits in 
the sequence. A surface acoustic wave gener- 

1 30 ator S5 is mounted at one end of the other 
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pole 82 of the magnet on the opposing face 
of the pole and is arranged to launch along 
the surface of the pole surface acoustic wave 
pulses travelling along the pole in the direc- 
5 tion of the tape 30. The surface acoustic wave 
pulse, illustrated at 86, produces a local per- 
turbation of the magnetic field. This perturba- 
tion is picked up by the coil 84 only where it 
is not screened by the tape 80. i.e. only as 
10 the pulse 86 passes over a hole 81. In this 
way, a serial signal is produced representing 
the desired length of PRBS. 

Fig. 12 illustrates a further example em- 
ploying spectral dispersion. Light from an op- 
15 tical fibre SO is focused by a lens 91 through 
a prism 92 which disperses the light produc- 
ing a spectrum on a track 93 carrying a 
PRBS. The spatial extent of the spectrum is 
arranged to embrace the desired length of 
20 PRBS containing sufficient bits to define the 
unique binary word. Only elements of the 
spectrum falling on an aperture in the track 
93 P2SS through the track and are refocused 
by a lens 94 back into a further optical fiber 
25 95. At a remote location, the light in the 
optical fibre 95 can again be dispersed to 
recreate the "image" of the portion of track 
93. The above technique is specially useful 
for remote reading of the track 93 when this 
30 is desired to avoid the presence of electrical 
currents and voltage in the neighbourhood of 
the reading head. 

Reference has been made to correlating the 
output of a detecting system with a PRBS 
35 sequence or an address code, and suitable 
digital signal correlators are well known and 
are commercially available. For the present 
purposes, it will generally be adequate to use 
simplified techniques rather than exact mathe- 
40 matical correlation techniques. For example, 
to determine a fine position using a plurality 
of edges or transitions, since these edges or 
transitions are spaced known distances apart, 
a "least squares" technique may be used to 
45 find the best fit to a straight line defining the 
positions of the transitions with respect to 
sensed data. Such techniques can readily be 
achieved by software programming of a data 
processor used as the comparator 21 or corre- 
50 later of Fig. 1 . 

Fig. 1 3 illustrates an arrangement incorpo- 
rating a computer suitably programmed to 
perform various of the functions described 
previously as performed by discrete electronic 
55 circuits. The photo detector array correspond- 
ing to that illustrated in Fig. 1 is shown in 
Fig. 13 in block 160. A computer 161 gener- 
ates control signals on a line 1 62 to the array 
160 causing the array to generate on an 
60 output line 163 a series of voltage levels 

indicative in turn of the light intensities fallino 
on the respective elements of the array. Th«-se 
voltage levels are converted in an analogue-to- 
digital converter 1 64 into a series of digital 
Dt> words fed to the computer 161 for storaoe in 



the computer memory. The computer then 
operates on these digital words to recreate 
. from them the part of the PRBS detected by 
the detector array 1 50, to compare this part 
70 of the array with a corresponding complete 
PRBS held generated by the computer and 
thereby to determine the coarse position along 
the PRBS and also to determine the fine 
position of transitions in the detected part of 
75 the PRBS relative to the array to the accuracy 
of the spacing of the elements in the array. 
The resultant measured distance along the 
PRBS comprising both the coarse measure- 
ment and the fine measurement, is then dis- 
80 played on a display 165. 

t he sequence of steps performed in the 
computer 1 6 1 to achieve this result will now 
be described in more detail. In the first 
^ example the steps are described for analysing 
85 the output signals from the array 160 when 
used with an ordinary PRBS, ie. with a logic 
"1" indicated by the presence of a code 
element and lodgic "0" indicated by the 
absence of a code element. The analogue-to- 
90 digital converter 164 is preferably an 8-bit 
converter producing 8-bit words correspond- 
ing to the voltage levels output from the 
array. Thus, computer 161 initially stores the 
^ series of 8-bit words in memory. For an array 
95 comprising 256 elements, the computer 
stores 256 8-bit bytes of data. Each byte 
represents the voltage output from one of the 
elements of the array, and therefore corre- 
sponds to the linear picture element (pixel). 
100 The computer first converts the 256 bytes 
of data into 255 bits by comparing each byte 
w'th a threshold value and generating a logic 
"0" if the byte is below the' threshold and a 
logic "1" if above the threshold. 
105 A sequence is then generated of the num- 
bers of the pixels at which occur transitions 
from logic "0" to logic "1" or from logic 
"1" to logic "0". These correspond to the 
number of the detector element along the 
1 10 array at which there is a transition in the 
image on the array of the PRBS. 

The computer then calculates the average 
"period" that is to say the number of pixels 
_ covering the width of one bit of the PRBS, 
1 1 o This number is not necessarily an integer. 
There will be a nominal period, say 14 pixels 
per bit, but slight variations in the setting up 
and geometry of the optical system used to 
focus the image of the PRBS on the array will 
120 tend to make the actual period slightly differ- 
ent from the nominal. The computer is ar- 
ranged to perform a calculation to compensate 
for this small difference. 

If the nominal period is supposed to be 14, 
125 the computer divides the difference between ' 
the numbers in the above sequence corre- 
sponding to the last and first transitions by 
the integer 14. With ideal setting up, this 
result shouid be an integer. However, nor- 
1 30 mally, the result obtained is not an integer. 
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The computer then takes the nearest integer 
to the result obtained and calculates the aver- 
age period by dividing the difference between 
the outermost (ie last and first) transition 
5 numbers by this integer found. 

In this stage the computer also stores the 
number of pixels from the beginning of the 
stored 256 bits to the first indicated transition 
as the "offset". 
1 0 The computer then reconstructs the portion 
of PRBS detected by the array. This is done 
by using the calculated average period to 
examine each period between successive tran- 
sitions and allocating to each period a logic 

15 "0" or a logic "1" depending on the value of 
bits found in the 256 bit series. That part of 
the offset in excess of a whole number of 
periods then represents the first, partly visible, 
bit of the PRBS detected by the array. 

20 Finally, the reconstituted section of PRBS, 
the "window" is checked for match with the 
original PRBS by shifting the original PRBS 
generated by the computer along relative to 
the reconstituted section and counting the 

25 steps until a match Is found. The number of 
steps taken, less the fraction of a step repre- 
senting the partly visible bit remainder of the 
offset is then the distance of the window from 
the PRBS start expressed in,PRBS-bit-widths 

30 units. 

An alternative computer process will now 
be described for use with a Manchester coded 
PRBS. Initial computer steps are the same as 
for the ordinary PRBS upto and including the 

35 generation of the sequence of numbers at 
which transitions occur. It should be appreci- 
ated however that for a Manchester coded 
PRBS, there will be at least one transition for 
each code element of the PRBS detected by 

40 the array. 

The computer then sorts the sequence of 
pixel numbers corresponding to transitions 
Into those corresponding to single increments 
and those corresponding to double incre- 

45 ments. This is done by comparing the spacing 
between successive transitions with a thresh- 
old value, those having a spacing less than 
the threshold being designated single incre- 
ments and those above the threshold, double 

50 increments. It will be appreciated that the 
single increments represent transitions at a 
half bit spacing along the PRBS which occur 
when two bits of the same value follow each 
other in Manchester code. Double increments 

55 occur when a logic "0" is followed by a logic 
" 1 or vice versa. 

The computer then performs a least squares 
approximation to discover the best straight 
line relating transitions to the number of plx- 

60 els along the array. In this process, a double 
increment increases the transition numbered 
by two and a single increment by one. The 
best straight line relationship between the 
transition number and pixel number then iden- 

65 tifies constants which can be used to calculate 



the "period" ie. average width of PRBS bits 
in pixels (not necessarily an integer), and the 
"offset", ie. the fraction indicating how much 
of the first PRBS-bit Is detected in the win- 
70 dow. 

The computer then reconstructs the "win- 
dow" ie. the portion of PRBS detected, mat- 
ches the reconstructed PRBS with the com- 
^ plete original PRBS generated by the com- 
75 puter by shifting along and counting the num- 
ber of steps until the match is found, and 
calculates the distance from the PRBS begin- 
ning by subtracting the number of steps 
found by the calculated offset to produce a 
80 distance expressed in PRBS-bit-width units. 
In the above. It is not necessary that the 
entire PRBS is held in computer memory. 
The computer can be arranged to perform 
. calculations equivalent to those known for 
85 generating pseudo-random binary sequences 
using shift registers with selected logic feed- 
back. The computer can thus generate the 
PRBS sequentially, counting the number of 
. steps needed to produce a section of PRBS 
90 code which matches the detected window. 

In an alternative method, the N digits of the 
detected portion of PRBS are used by the 
computer as the address of the location in the 
computer store in which has been previously 
95 stored the corresponding numerical position of 
that section of the PRBS. This position read 
out of computer store is then compensated 
with the offset value to calculste the fine 
position. 

100 (t will be understood that, in all the embodi- 
ments described, the detecting system may be 
and preferably is arranged to sense a few 
more bits of the PRBS than are necessary as a 
minimum defining a unique code. The extra, 

105 redundant, information gives a measure of 
protection against possible errors due to dust 
or the like in the sensing system in defining 
the coarse position and ensures that extra 
data Is available for defining the fine position 

1 10 

CLAIMS 

1 . Position measuring apparatus for pro- 
viding a measure of the relative position of 
^ two members movable relative to one another 

1 1 5 in a predetermined path comprising code ele- 
ments on one of said members distributed 
among locations spaced parallel to said path 
of relative movement to define a predeter- 
mined sequential pattern of said locations in a 

120 pseudo-random binary sequence (PRBS) in 
which indexed positions corresponding to suc- 
cessive said spaced locations along the se- 
quence are each identified by a unique binary 
word in a predetermined number of adjacent 

125 said locations, and detecting means, having 
sensing means located on the other of said 
members, responsive to the code elements in 
at least said predetermined number of adja- 
cent locations to read the unique binary word 

130 defined thereby to identify the corresponding 
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indexed position slong the sequence, said 
detecting means having a plurality of ele- 
ments for each of a plurality of said locations 
to determine the fine position between adja- 
5 cent indexed positions of at least one of said 
code elements relative to the detecting means 
by sensing transitions or edges of markings 
defining a code element or elements. 

2. Position measuring apparatus as 
10 claimed in claim 1 wherein the detecting 

means are arranged to sense the predeter- 
mined number of elements to identify a uni- 
que location in the PR3S, 

3. Position measuring means as claimed 
1 5 in claim 1 wherein the detecting means are 

arranged to sense more the necessary number 
of bits required to define a unique location in 
the PR33. 

4. Position measuring apparatus as 
20 claimed in any of the preceding claims 

wherein said index marks are constituted by 
transitions between at least some adjacent 
said locations. 

5. Position measuring apparatus as 

2t> claimed In any of claims 1 to 3 wherein said 
index marks are constituted by transitions 
between a said location with a code element 
and an adjacent location without a code ele- 
ment, 

30 6. Position measuring apparatus as 

cieimed in any of claims 1 to 3 wherein the 
coded elements comprise markings having at 
least one transition within each coded ele- 
ment. 

35 7. Position measuring apparatus as 

claimed in any preceding claim wherein said 
detecting means is arranged to read the fine 
position of the index marks, and hence of the 
sequence relative to the pickup between in- 

40 dexed positions, before reading the binary 
vv^ord to identify the indexed position. 

3. Position measuring apparatus as 
claimed in any of the preceding claims 
wherein said detecting means has high defini- 

45 tion reading means to read a length of code 
element sequence sufficient to define the bi- 
nary word and at a spatial definition high 
enough to identify both the binary word and 
the said fine position. 

50 9. Position measuring apparatus as 
claimed in claim 8 wherein said detecting 
means comprises an array of detectors ar- 
ranged parallel to said path of relative move- 
ment and each responsive to the presence or 

55 absence of markings defining a code element 
in a respective said spaced location, the array 
being of sufficient length to sense the number 
of code elements required to define a uniau« 
position in the PRBS and there being a plural- 

SO ity of detectors in the length of each code 
element so that, in at least one code element, 
the position of an edge or transition of mark-' 
ings in the code element can be sensed 
whereby the detectors in the array provide 

55 outputs defining not only the unique binary 



word but also the fine position of at least one 
of said transitions relative to the array. 

10. Position measuring apparatus as 
claimed in claim 9 using a PRBS in which N 

70 successive elements are scanned, N being 
equal to or greater than the number of ele- 
ments required to define a unique position, 
and in which n detectors are provided for 
^ each coded element, wherein said detecting 

75 means includes a shift register having as nN 
bit elements, the serial input of the shift 
register being supplied at a predetermined bit 
rate with a binary signal corresponding to said 
PRBS and the shift register being clocked at a 

80 rate n times faster than said predetermined bit 
rate of said binary signal, and means for 
comparing the contents of said shift register 
with the parallel output of the detector array 
and responsive to the closest match to indi- 

35 cate the measured position. 

1 1. Position measuring apparatus as 
claimed in claim 10 wherein said means for 
comparing the contents of said shift register is 
a correlator providing an output signal indica- 

90 tive of the level of correlation between the 
shift register contents and the array output. 

12. Position measuring apparatus as 
claimed in claim 1 0 or claim 1 1 and including 

^ a clock generating clock pulses for the shift 
95 register of the detecting means at said faster 
rate, a divider to divide said faster rate clock 
pulses by n, a sequence generating means 
responsive to said divided clock rate pulses to 
generate said binary signal at a bit rate equal 

100 to the divided rate, a counter counting said 
faster rate clock pulses and responsive to a 
closest match indication from said means for 
comparing to stop counting at a count indica- 
tive of the measured position. 

105 13. Position measuring apparatus as 
claimed in any preceding claim v/herein the 
detecting means includes storage means to 
store a representation of said binary sequence 
and means for reading said binary sequence 

I 1 0 from the storage means for comparison with 

said unique binary word from the pickup to 
find the indexed position identified thereby. 

14. Position measuring apparatus as 

I I 5 claimed in any of claims 1 to 1 2 wherein the 

detecting means includes either a sequence 
generator comprising a shift register having 
said predetermined number of bit elements 
and connected with logic feedback so as, 

120 when clocked, to produce at its serial output 
said predetermined pseudo-random binary se- 
quence for comparison with said unique bi- 
nary word from the pickup to find the indexed 
^ position fdentified thereby or computing 

125 means arranged to perform equivalent func- 
tions. 

15. Position measuring apparatus as 
claimed in any of the preceding claims 

^^^^ ^^^^ elements comprise opaque 
1 oO elements in a transparent strip and/or tran- 
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sparent elements in an opaque strip and the 
detecting means comprises a light source lo- 
Gated on one side of the strip and a plurality 
of photo detectors on the other side. 
5 16. Position measuring apparatus as 
cfaimed in any of cfaims 1 to 14 wherein said 
code elements comprise opaque elements in a 
transparent strip and/or transparent elements 
in an opaque strip and the detecting means 
10 comprise a photo detector on one side of the 
strip and a plurality of light sources forming 
an array on the other side. 

17. Position measuring apparatus as 
claimed in claim 1 6 wherein the light sources 

1 5 are light emitting diodes. 

18. Position measuring apparatus as 
claimed in any of claims 1 to 14 wherein the 
detecting means is capacitive arranged to de- 
tect variations in electrical capacitance resuit- 

20 ing from said presence or absence of code 
elements. 

19. Position measuring apparatus as 
claimed in claim 1 5 and including optical 
enlarging means to focus an enlarged image 

25 of the code elements onto the photo detector 
or detectors. 

20. Position measuring apparatus as 
claimed in claim 1 5 and including optical 
reducing means to focus a reduced image of 

30 the code elements onto the photo detectors. 

21. Position measuring apparatus as 
claimed in any of claim.s 1 to 1 4 wherein said 
code elements comprise regions of varying 
magnetic permeability and the detecting 

35 means comprises a magnet and magnetic field 
detectors. 

22. Position measuring apparatus as 
claimed in any of claims 1 to 14 v»^herein said 
code elements comprise magnetised regions 

40 and the detecting means comprises magnetic 
field detectors. 

23. Position measuring apparatus as 
claimed in any of claims 1 to 14 wherein the 
code elements are optically detectable and. the 

45 detecting means comprises a television cam- 
era tube, means focusing an image of the 
code elements onto the tube and means re- 
sponsive to a video output signal from the 
tube to read the unique binary word and 

50 detect said fine position. 

24. Position measuring apparatus as 
claimed in claims 1 to 1 3 wherein the code 
elements are magnetically detectable and the 
detecting means comprises a magnetic pole 

55 face extending parallel to said pole to gener- 
ate a magnetic field in the region of said 
predetermined number of adjacent spaced lo- 
cations, a surface acoustic wave device ar- 
ranged to launch surface acoustic wave pulses 

60 on said pole face in the direction of said path 
to cause localised perturbations of the mag- 
netic field, said perturbations travelling along 
said path with the acoustic wave pulses, and 
magnetic field detecting means screened from 

65 said pole face by the code elements and 



responsive to said perturbations travelling past 
the code elements to provide a serial output 
signal representing the unique binary word. 

25. Position measuring apparatus as 

70 claimed in any preceding claim for measuring 
successive relative positions of the members 
and including store means for storing the last 
identified indexed position and means respon- 
sive to the stored position to compare the 

75 latest unique binary word from the detector 
elements with binary words identifying in- 
dexed positions in a range including the 
stored position to find the new position. 

26. Position measuring apparatus for de- 
80 termining the relative position of two relatively 

movable members comprising markings form- 
ing code elements on one member extending 
in the direction of relative movement and 
defining a PRB3 and detecting means on the 

85 other member for sensing said markings, said 
detecting means being arranged to sense a 
sufficient number of markings to define a 
unique position along the PRBS and thereby 
give a coarse unambiguous position dstermi- 

90 nation and said detecting means further being 
arranged to sense the position of a transition 
or edge of a marking within a code element to 
define a fine position within the length of a 
code element, 

95 27. Position measuring apparatus substan- 
tially as hereinbefore described v/ith reference 
to Fig. 1 or Fig, 2 or Fig. 3 or Fig. 4 or Fig. 5 
or Fig. 6 or Fig. 7 or Fig. 8 or Fig. 9 or Fig. 
1 0 or Fig. 1 1 or Fig. 1 2 or Fig. 1 3 of the " 
1 00 accompanying drawings. 

Primed for Her Majesty's Stationery Office 

by Burgess & Son (Abingdon) Ltd. — 1 984. 

Published at The Patent Office. 25 Southsmpton Buildings. 

London. WC2A lAY. from which copies n^ay. be obtained. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ iBLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ R£FERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




FADED TEXT OR DRAWING 




BLURRED OR ILLEGIBLE TEXT OR DRAWING 



